The solidification of cast iron is a complex process with characterized entrance and marginal conditions. Thermal analysis is one of the processes that allows us to observe the solidification of alloys. There is a possibility of gaining information about the melted cast iron quality and predicting the final properties of the cast by evaluating the scanned cooling curves by solidification (stable and metastable system). This article deals with the study and analysis of cooling curves taken from production conditions of a foundry during ductile cast iron production. The aim is to discover the reproduction and reliability of the thermal analysis results of cast iron. The study of the progress of the cooling curves and their first derivation to follow the reactions of the curves to changing factors in the production process.
INTRODUCTION
Thermal analysis, based on evaluation of cooling curves of samples of molten metal cooling in a testing crucible, is not something new in foundry. Nevertheless, it can be stated, that not all possibilities, that analysis can provide are being exploited. Nowadays, the devices for thermal analysis are based on top equipment and software. In addition to the characteristics of cooling curves and other qualitative indicators, it is possible to use the devices for collecting measurement results from different laboratories (results of chemical analysis, mechanical properties, structural analysis, etc.) and also determining a statistic evaluation of the collected data. The known fact is, that it is necessary to make the production process as stable as possible to obtain reliable results by thermal analysis. It is known and used in the praxis; that, via thermal analysis, it is possible to quickly establish the basic chemical composition (%C, %Si, Se). However, from cooling curves and their characteristics, it is possible to obtain information about the crystallization and graphitization processes during the solidifying and cooling of the sample of cast iron, in other words, it is possible to obtain information about the metallurgical quality of molten cast iron before casting. The current literature is greatly focusing on this application. This application can provide valuable knowledge, and important manufacturers of devices for thermal analysis are equipping their analyzers with software that can evaluate the metallurgical state of molten metal and also predict the final structure and mechanical properties of cast iron after cooling [1] [2] [3] .
On the other hand, the use of a thermal analysis of cast iron is very problematic under practical conditions.
In published papers [4] [5] [6] , it was stated that it is not possible to make solid conclusions using the results of thermal analysis of cast iron under different practical conditions. As mentioned before, one of the main reasons for this problem is; that the process stability is not sufficient in the tested foundries; therefore, a lot of influencing factors cause unreliability in the obtained results [7] .
EXPERIMENTAL PROCEDURES
All measurements were realized by ductile cast iron production (EN-GJS-500-7) in the operating conditions of a foundry. The initial melt was prepared in an 8-ton middle frequency induction furnace with acid brickwork. The composition of the used charge was: SOREL pig iron, hematite, and steel scrap. After preheating to 1500°C, the molten metal was treated by the Tundisch-Cover method (into a 2 t ladle).
Foundry alloy FeSiMg (with 5% of Mg) in a quantity of 3 kg (it is 1.9-2% of the weight of the molten metal) was used as a modifier. The treated molten metal was inoculated by pouring it into a foundry ladle according to technological rules. Three hundred kg of molten metal was left in the treated ladle because of the experiments. From this, 20 kg was used for the experiment without inoculation (melting Nos. 11, 21, 31, …, 81 -see Tab. 1); next, 20 kg of molten metal was inoculated with a smaller quantity of inoculation (sampling of cast iron Nos. 12, 22, 32, ..., 82). Finally, 20 kg of molten metal was inoculated with a higher quantity of inoculant (Nos. 33, 43, 53, …, 83). The metallurgical conditions of the molten metal were changed by the quantity and quality of the used inoculants.
https://journals.agh.edu.pl/jcme An overview of the metallurgical treatment of the cast iron from eight observed molds is shown in Table 1 . Table 2 shows the chemical composition of tested cast irons realized by spectral analysis. Eutectic degree Se shows that all tested cast irons were hypereutectic. The TERMOCARB apparatus assembled at the Department of Foundry in Miscolc University in Hungary was used for the analysis [8] .
Shell pots "Quick -cup" without telur were used, enabling us to achieve grey solidification. The collected variations of temperature by the cooling of samples were registered via the ADAM converter with GENIE software. No software was used for reading the characteristic temperatures on the cooling curves. The results of the thermal analysis are shown in Table 3 .
Three testing Y-blocks for testing the mechanical properties and metallographic analysis were poured from each melt; the first after modification treatment, the second after inoculation with a smaller quantity of the inoculating agent, and the third after larger part of the inoculation agent. 
EVALUATION OF COOLING CURVES SHAPES
In this contribution, the shape of the cooling curves of nodular cast iron with different kinds and quantities of inoculants were compared (Tab. 1).
Because the observed nodular cast irons were eutectic and hypereutectic, their evaluation was more complicated. For highlight of changes, that were not on the simple cooling curve remarkable the first derivation was made (Fig. 1) .
The first derivation of the cooling curve shows the speed of sample cooling. The speed is changing with loose latent heat of solidification by the precipitation of phases. It is possible to read the next characteristic temperatures from the cooling curve: TL, TE min , TE max , TS. The liquidus temperature presents the beginning of solidification depending on eutectic index Se, and after [9] , it should be within a temperature range of 1140-1155°C. TE min is the minimal eutectic temperature that is connected with the occurrence of cementite in the structure of the cast iron. Maximum eutectic temperature TE max is connected with precipitation of the graphite. TS is the temperature of the solidus by which the solidification is finished. The difference between TE max a TE min is recalescence. The value of the recalescence is related to the expansion of the graphite volume.
The cooling curves of the cast irons and their first derivations are shown in Figures 2-4 . All of these cast irons were treated by the same method (38 kg FeSiMg and 0.2% Barinoc).
The differences of the shape of the cooling curves and their first derivations in the whole solidification interval are evident from the graphics. The eutectic area of the cooling curves (Melts 22 and 32) is under a temperature of 1140°C (contrary to Melt 62), but the shape of the cooling curve of Melt 22 and the course of the first derivation are closer to the shape of the cooling curve of Melt 62. In spite of this, the results of the structural analysis (number of graphite nodules, part of pearlite, and ferrite) and mechanical properties indicate that Melts 22 and 32 possess nearly the same quality. The differentness of the curve of the sample from Melt 32 (Fig. 3.) can be caused by the low casting temperature of this sample. https://journals.agh.edu.pl/jcme
In the sample of Melt 62, the eutectic transformation was under a temperature of 1140°C, which manifested in a higher number of graphite globules (nearly double) as compared with Samples 22 and 32. All three samples filled the mechanical properties that were given by the standard.
In Figures 5 and 6 , the cooling curves of the cast irons inoculated with the same inoculant (Barinoc) but with different quantities (0.2 and 0.4%) are presented.
By a comparison of the shape of the cooling curves, marked differences were not observed for Melts 62 and 63. It is possible to state that a greater quantity of inoculants does not bring evident changes in the cooling curve shape (TL is markedly higher in Melt 62, but the eutectic temperatures increased only moderately). Alteration of the inoculant quantity only partially influences the resulting properties of the cast iron. By adding a greater amount of inoculant, the number of graphite nodules increased two-fold, but the mechanical properties changed only a little. A similar situation was observed with a similar quantity of the other used inoculant.
CONCLUSIONS
By an observation of cooling curve shape and the shape of its first derivation, the following points were determined:
• by using the same kind of inoculant and one basic melt (Melt 62 and 63), increasing the inoculant quantity did not reflect stronger on the curve shape; a stronger difference was only in the liquidus temperature, but the eutectic temperatures did not rise so markedly, • it is possible to suppose that the dissimilarity balanced cooling curve shape was caused by the melt properties before inoculation and condition management of the melt, because the cooling curves were different with the same kind and quantity of inoculant, • on the basis of this contribution and works dedicated to the dependencies between the characteristic temperatures of cooling curves and resulting cast iron properties, it is possible to note that the characteristic temperatures from the cooling curves respond more to the modification of the metallurgical state of melt after inoculation, • the number of graphite globules in the cast iron structure reacted the most markedly depending on the kind and quantity of inoculator, and it corresponded with changes on the cooling curve specifically with the values of the eutectic temperatures. 
